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(57) Disclosed are a (Al, Ga, In)N-based compound
semiconductor device and a method of fabricating the
same. The (Al, Ga, In)N-based compound semiconduc-
tor device of the presentinvention comprises a substrate;
a (Al, Ga, In)N-based compound semiconductor layer
grown on the substrate; and an electrode formed of at
least one material or an alloy thereof selected from the
group consisting of Pt, Pd and Au on the (Al, Ga, In)N-
based compound semiconductor layer. Further, the
method of fabricating the (Al, Ga, In)N-based compound
semiconductor device comprises the steps of growing a
P layer including P type impurities in a growth chamber;
discharging hydrogen and a hydrogen source gas in the

[Figure 2]

(Al,Ga,In)N-Based compound semiconductor and method of fabricating the same

growth chamber; lowering the temperature of the (Al, Ga,
In)N-based compound semiconductor with the P layer
formed thereon to such an extent that it can be withdrawn
to the outside from the growth chamber; withdrawing the
(Al, Ga, In)N-based compound semiconductor from the
growth chamber; and forming an electrode of atleast one
material or an alloy thereof selected from the group con-
sisting of Pt, Pd and Au on the P layer. According to the
present invention, it is possible to sufficiently secure P
type conductivity and obtain good ohmic contact charac-
teristics without performing an annealing process. And,
no further annealing is necessary when Pt, Pd, Au elec-
trode are used.
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Description
[Technical Field]

[0001] The present invention relates to (Al, Ga, In)N-
based compound semiconductor device and a method
of fabricating the same, and more particularly, to a (Al,
Ga, In)N-based compound semiconductor device com-
prising a (Al, Ga, In)N-based compound semiconductor
layer (P layer) including P type impurities and a trans-
parent electrode provided on the P layer, and a method
of fabricating the (Al, Ga, In)N-based compound semi-
conductor device.

[Background Art]

[0002] A (Al, Ga, In)N-based compound semiconduc-
toris applied, forexample, to a compound semiconductor
device such as a light emitting diode (LED) or a laser
diode (LD). Fig. 1is a cross-sectional view schematically
showing a conventional (Al, Ga, In)N-based compound
semiconductor device.

[0003] Referring to Fig. 1, a (Al, Ga, In)N-based com-
pound semiconductor layer (N layer) 13 including N type
impurities, an active layer 15 and a (Al, Ga, In)N-based
compound semiconductor layer (P layer) 17 including P
type impurities are sequentially formed on a substrate
11. The P layer 17, the active layer 15 and the N layer
13 are partially etched such that the N layer 13 is partially
exposed to the outside. Electrodes 19 and 21 including
Niand Au are formed on the P layer 17, and an electrode
25 is also formed on the N layer 13.

[0004] Generally, impurities are doped in the P layer
17 to secure the conductivity in the conventional (Al, Ga,
In)N-based compound semiconductor device 101. How-
ever, the P type impurities, e.g., magnesium (Mg), do not
fulfill the function as an electron acceptor that provides
free holes, since they are easily bonded with hydrogen
(H) existing in agrowth chamber. Therefore, an additional
annealing process of disconnecting bonds between the
P type impurities and hydrogen is performed in a process
of fabricating a P layer of a (Al, Ga, In)N-based compound
semiconductor.

[0005] Fig. 2is a flowchartillustrating a method of fab-
ricating a P layer of a conventional (Al, Ga, In)N-based
compound semiconductor.

[0006] Referringto Fig. 2, P type impurities and source
gases for the compound semiconductor are supplied to
a growth chamber such that a P layer of the compound
semiconductor is grown on a substrate (P1). After the full
growth of the P layer, the growth chamber is cooled to
lower the temperature of the substrate (P2). Thereafter,
the P layer-grown substrate is withdrawn from the growth
chamber (P3). Then, annealing is performed for the P
layer (P4). Referring to U.S. Patent No. 5,306,662, a P
layer of a compound semiconductor is grown using P
type impurities and source gases for the compound sem-
iconductor and the P layer is subsequently annealed at
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a temperature of 400°C or more. As a result, hydrogen
bonded to the P type impurities is removed to form a P
type (Al, Ga, In)N-based compound semiconductor with
low and uniform resistance.

[0007] Meanwhile, an annealing process is also per-
formed to obtain ohmic contact characteristics between
the P layer and a metallic electrode. With the annealing
process, there are advantages in that good ohmic contact
characteristics between the electrode and the P layer is
obtained, and bonds between the P type impurities and
hydrogen remaining in the P layer are disconnected.
[0008] Insuchaconventional (Al,Ga, In)N-based com-
pound semiconductor device, at least one annealing
process should be performed to lower the resistance of
the P layer or improve ohmic contact characteristics be-
tween the P layer and a transparent electrode. However,
the annealing process has a problem in that it makes a
fabrication process of a compound semiconductor device
complicated and troublesome. The annealing process
prolongs fabrication time of a product and particularly
increases the unit cost of a product since expensive
equipment for performing the annealing process should
be purchased, and a space for installing the equipment
is required, resulting in increases of investment costs for
fabrication facilities.

[Disclosure]
[Technical Problem]

[0009] The presentinvention is conceived to solve the
aforementioned problems in the prior art. An object of
the present invention is to provide a (Al, Ga, In)N-based
compound semiconductor device that exhibits superior
performance without performing a conventional anneal-
ing process, and a method of fabricating the (Al, Ga, In)
N-based compound semiconductor device.

[0010] Anotherobjectofthe presentinventionis to pro-
vide a (Al, Ga, In)N-based compound semiconductor de-
vice capable of securing P type conductivity without a
conventional P layer annealing process, and a method
of fabricating the (Al, Ga, In)N-based compound semi-
conductor device.

[0011] A further object of the present invention is to
provide a method of fabricating a P layer of a (Al, Ga, In)
N-based compound semiconductor, wherein P type con-
ductivity can be secured without a conventional anneal-
ing process.

[0012] A still further object of the present invention is
to provide a (Al, Ga, In)N-based compound semiconduc-
tor device capable of securing ohmic characteristics be-
tween a P layer and an electrode without an annealing
process after forming the electrode.

[0013] A still further object of the present invention is
to provide a (Al, Ga, In)N-based compound semiconduc-
tor device that can be fabricated simply and conveniently
without performing an annealing process, thereby reduc-
ing facility investment, and a method of fabricating the
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(Al, Ga, In)N-based compound semiconductor device.
[Technical Solution]

[0014] According to an aspect of the presentinvention
for achieving the objects, there is provided a (Al, Ga, In)
N-based compound semiconductor device, comprising
a substrate; a (Al, Ga, In)N-based compound semicon-
ductor layer grown on the substrate; and an electrode
formed of at least one material selected from the group
consisting of Pt, Pd and Au or an alloy thereof on the (Al,
Ga, In)N-based compound semiconductor layer.

[0015] In this instance, the electrode may be formed
by stacking Pt and Au, or Pd and Au; or formed of an
alloy of at least two selected from Pt, Pd and Au.
[0016] According to another aspect of the present in-
vention for achieving the objects, there is provided a
method of fabricating a (Al, Ga, In)N-based compound
semiconductor device, comprising the steps of growing
a (Al, Ga, In)N-based compound semiconductor layer (P
layer) including P type impurities on a substrate in a
growth chamber; discharging hydrogen, ammonia and
gas including hydrogen in the growth chamber; lowering
the temperature of the substrate with the P layer formed
thereon to such an extent that the substrate can be with-
drawn to the outside from the growth chamber; withdraw-
ing the substrate with the P layer formed thereon from
the growth chamber; and forming an electrode of at least
one material selected from the group consisting of Pt, Pd
and Au on the P layer or an alloy thereof.

[0017] Here, the step of lowering the temperature may
be performed by means of water cooling or air cooling of
the growth chamber.

[0018] Meanwhile, the step of lowering the tempera-
ture may comprise the steps of maintaining the growth
chamber under vacuum conditions; and supplying a cool-
ing gas into the growth chamber under vacuum condi-
tions.

[0019] A method of fabricating a P layer of a (Al, Ga,
In)N-based compound semiconductor according to a fur-
ther aspect of the present invention comprises the steps
of growing the P layer by supplying gases into a growth
chamber while maintaining temperature of the growth
chamber at a temperature for growth of the P layer of the
(Al, Ga, In)N-based compound semiconductor; stopping
the supply of the gases after the growth of the P layer is
completed; discharging the gases existing in the growth
chamber at a temperature higher than a temperature at
which impurities in the P layer and hydrogen contained
in the gases are bonded to each other; and lowering the
temperature of the P layer of the (Al, Ga, In)N-based
compound semiconductor.

[0020] The temperature for the growth of the P layer
may be inarange of 600 to 1,300°C, and the temperature
at which the gases existing in the growth chamber are
discharged may be in a range of 400 to 1,300°C.
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[Advantageous Effects]

[0021] According to the present invention, there are
provided a (Al, Ga, In)N-based compound semiconduc-
tor device and a method of fabricating the same, wherein
P type conductivity can be sufficiently secured and good
ohmic contact characteristics can be obtained without
performing a conventional annealing process. And, ac-
cording to the present invention, there are provided a P
layer of a (Al, Ga, In)N-based compound semiconductor
and a method of fabricating the same, wherein P type
conductivity can be sufficiently secured without perform-
ing a conventional annealing process. Furthermore, no
further annealing is necessary when Pt, Pd or Au or alloy
electrode thereof is used. As such, the present invention
enables simple and convenient fabrication of the (Al, Ga,
In)N-based compound semiconductor device, and re-
duction in facility investment by eliminating such a con-
ventional annealing process.

[Description of Drawings]
[0022]

Fig. 1 is a schematic cross-sectional view of a con-
ventional (Al, Ga, In)N-based compound semicon-
ductor.

Fig. 2 is a flowchart illustrating a conventional meth-
od of fabricating a P layer of a (Al, Ga, In)N-based
compound semiconductor.

Fig. 3 is a perspective view of a (Al, Ga, In)N-based
compound semiconductor device comprising a P
layer and an electrode according to an embodiment
of the present invention.

Fig. 4 is a cross-sectional view of Fig. 3.

Fig. 5 is a flowchart illustrating a method of fabricat-
ing a P layer of a (Al, Ga, In)N-based compound
semiconductor according to an embodiment of the
present invention.

Fig. 6 is a flowchart illustrating a method of fabricat-
ing a (Al, Ga, In)N-based compound semiconductor
according to an embodiment of the present inven-
tion.

Fig. 7 is a graph schematically illustrating the method
of fabricating the P layer of the (Al, Ga, In)N-based
compound semiconductor according to the present
invention.

Fig. 8 is a cross-sectional view showing a compound
semiconductor device according to another embod-
iment of the present invention.

<List of Reference Numerals>
[0023]
1: (Al, Ga, In)N-based compound semiconductor de-

vice, 11: Substrate,
12: Buffer layer, 13: N layer,
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15: Active layer, 17: P layer,

25: (Al, Ga, In)N-based compound semiconductor
layer, 27: Epi,

31, 35: Electrode

[Mode for Carrying Out the Invention]

[0024] Hereinafter, a (Al, Ga, In)N-based compound
semiconductor and a method of fabricating the same will
be described in detail according to the present invention
with reference to the accompanying drawings.

[0025] Fig. 3 is a perspective view of a (Al, Ga, In)N-
based compound semiconductor device comprising a P
layer and an electrode according to an embodiment of
the presentinvention, and Fig. 4 is a cross-sectional view
of Fig. 3. The (Al, Ga, In)N-based compound semicon-
ductor device 1 comprises a substrate 11, (Al, Ga, In)N-
based compound semiconductor layers 25 grown on the
substrate 11, and electrodes 31 and 35 formed on the
(Al, Ga, In)N-based compound semiconductor layers 25.
Meanwhile, an electrode pad 33 for electrical connection
with the outside may be formed on the electrode 31.
[0026] Insulative sapphire or others may be used as
the substrate 11, and a conductive or semi-conductive
substrate of Si, SiC, GaN or the like may also be used
as the substrate 11. Recently, the conductive or semi-
conductive substrate is frequently used in a (Al, Ga, In)
N-based compound semiconductor device for high pow-
er since it is relatively superior to a sapphire substrate in
view of thermal conductivity.

[0027] The (Al, Ga, In)N-based compound semicon-
ductor layers 25 comprise a buffer layer 12, a (Al, Ga,
In)N-based compound semiconductor layer doped with
N type impurities (N layer) 13, a (Al, Ga, In)N-based com-
pound semiconductor layer doped with P type impurities
(P layer) 17, and an active layer 15 interposed between
the N layer and the P layer. The buffer layer 12 is formed
to have a certain thickness on the substrate 11 to relieve
lattice mismatch between the substrate 11 and the N lay-
er 13. The buffer layer 12 may be formed of AIN, InGaN,
GaN, AlGaN, or the like.

[0028] Although the N layer 13 may be formed without
doping of impurities, it is desirable to form the N layer by
doping impurities of Si, Ge, Se, S, Te or the like. For
example, the N layer 13 that may be fabricated to have
a thickness of 0.5 to 10 wm is preferably formed of GaN.
The N layer 13 may be formed to have a structure in
which GaN layers with impurities and GaN layers without
impurities are alternately stacked one above the other.
The number of stacked layers can be properly selected.
[0029] The active layer 15 can be constructed to have
a quantum well (QW) structure, for example, a single
quantum well (SQW) structure or a multi quantum well
(MQW) structure. The quantum well structure may con-
tain stacks of (Al, Ga, In)N-based semiconductor layers,
for example, InGaN layers and GaN layers. Power output
is expected to vary depending on the number of stacked
layers or the thicknesses of the InGaN and GaN layers.
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Therefore, it is important to properly set the number of
stacked layers and thicknesses thereof.

[0030] The P layer 17 is formed by means of doping
of P type impurities. Be, Sr, Ba, Zn or Mg may be used
as the P type impurities, but Mg is often used. Although
a detailed description will be made later with reference
to Figs. 5 and 6 illustrating fabrication methods in the
present invention, a phenomenon in which bonding of
the impurities with hydrogen is generated in the P layer
17 is prevented in advance, so that the impurities them-
selves can contribute to generation of free holes.
[0031] Meanwhile, the P layer 17, the active layer 15
and the N layer 13 are partially etched in the (Al, Ga, In)
N-based compound semiconductor layers 25 grown on
the substrate 11, so that a portion of the N layer 13 is
exposed to the outside. A thin electrode 31 is formed on
the P layer 17, and an electrode 35 is also formed on the
N layer 13. It is desirable to form the electrode 31 on the
P layer 17 as a transparent electrode capable of trans-
mitting light generated from the active layer 15 there-
through.

[0032] The electrode 31 on the P layer 17 is formed of
at least one material selected from the group consisting
of Pt, Pd and Au or an alloy thereof. For example, the
electrode may be formed of Pt and Au, or Pd and Au by
sequentially stacking Pt and Au on the P layer 17 or Pd
and Au on the P layer 17. Here, the stacking sequence
of Pt and Au, or Pd and Au may be selective. The elec-
trode 31 may be formed of an alloy of atleast two selected
from the group consisting of Pt, Pd and Au. In case where
the electrode 31 is formed of such a metallic material,
good ohmic contact characteristics can be obtained with-
out performing an additional annealing process.

[0033] An electrode pad 33 is formed on a portion of
the electrode 31, which is to be electrically connected to
the outside. The electrode pad 33 may also be formed
of a metallic material with the same components as the
electrode of the present invention.

[0034] Meanwhile, the electrode 35 formed on the N
layer 13 may also be formed of the same metallic material
as the electrodes 31 and 33 formed on the P layer 17.
However, a material with different components may be
used for the electrode in consideration of properties of
the N layer 13. Since a variety of techniques regarding
the N layer electrode 35 and components thereof is
known, detailed descriptions thereof will be omitted.
[0035] Hereinafter, a method of fabricating the (Al, Ga,
In)N-based compound semiconductor described as a
preferred embodiment of the present invention will be
explained.

[0036] Fig. 5is aflowchartillustrating a method of fab-
ricating the P layer of the (Al, Ga, In)N-based compound
semiconductor according to the present invention.
[0037] Referring to Fig. 5, although not illustrated in
the flowchart, the P layer 17 of the (Al, Ga, In)N-based
compound semiconductor device 1 is formed after sup-
plying the substrate 11 into a growth chamber, heating
the substrate therein and sequentially growing the buffer
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layer 12, the N layer 13 and the active layer 15 on the
heated substrate (S1).

[0038] The P layer 17 is grown by supplying source
gases into the growth chamber at a high temperature of
600°C or more after forming the active layer 15 (S1). As
for the source gases, for example, tri-methyl gallium
(TMG) may be used as a source of Ga, and ammonia
(NH3) may be used as a source of nitrogen (N), and the
source gases are supplied together with a carrier gas of
H, or N,. Meanwhile, in a case where Mg is doped as P
type impurities, Cp,Mg may be used as a source. If the
growth of the P layer 17 is completed (S2), the supply of
the gases (including the source gases and the carrier
gas) into the growth chamber is stopped (S3), and all the
gases existing in the growth chamber are discharged
(S4).

[0039] An important technical feature of the present
invention is to provide a state and a condition under which
the P type impurities and hydrogen cannot be bonded to
each other in the growth chamber. Epitaxial growth is
made in the growth chamber at a high temperature at
which the P type impurities and hydrogen cannot be
bonded to each other, for example, at 600~700°C or
more. In the present invention, the P layer 17 is formed
at a very high temperature, for example, at 600 to
1,300°C, wherein the P type impurities and hydrogen are
not bonded to each other at the P layer-forming temper-
ature of the present invention. As described above, after
the growth of the P layer is completed at a very high
temperature, the external supply of the gases into the
growth chamber is stopped, and residual gases in the
growth chamber are discharged to the outside. Since hy-
drogen does not exist in the growth chamber, bonding of
the P type impurities with hydrogen does not occur, and
the impurities in the P layer are in a state where they can
perform the function of an electron acceptor to provide
free holes. Since bonding of the P type impurities with
hydrogen does not occur, it is not necessary to perform
an annealing process in the present invention.

[0040] After the gases in the growth chamber have
been completely discharged (S4), the heating is stopped
(S5) so that the temperature of the substrate 11 and the
temperature of the (Al, Ga, In)N-based compound sem-
iconductor layers 25 formed thereon are lowered in the
growth chamber (S6). Here, the temperatures of the sub-
strate 11 and the (Al, Ga, In)N-based compound semi-
conductor layers 25 may be lowered by means of air cool-
ing or water cooling of the growth chamber. The temper-
atures of the substrate 11 and the (Al, Ga, In)N-based
compound semiconductor layers 25 may also be lowered
by injecting a cooling gas into the growth chamber in the
state where hydrogen and hydrogen source gases have
been discharged from the growth chamber. A gas that is
difficult to be bonded to the P type impurities, e.g., nitro-
gen (N,) gas is preferably used as the cooling gas since
the nitrogen gas is also used as the carrier gas. The tem-
peratures of the substrate 11 and the (Al, Ga, In)N-based
compound semiconductor layers 25 can be lowered more
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rapidly by injecting the cooling gas into the growth cham-
ber after maintaining the growth chamber under vacuum
conditions.

[0041] If the temperatures of the substrate and the (Al,
Ga, In)N-based compound semiconductor layers are suf-
ficiently lowered (S7), the substrate 11 is withdrawn from
the growth chamber (S8). Since bonding of the impurities
with hydrogen does not occur in the P layer, it is not nec-
essary to perform an additional annealing process. In this
case, since the impurities themselves of the P layer can
contribute to generation of free holes, a superior P layer
with low resistance is provided and enables fabrication
of a product with excellent properties.

[0042] Fig. 6 is a flowchart illustrating a method of fab-
ricating the (Al, Ga, In)N-based compound semiconduc-
tor device according to an embodiment of the present
invention, and Fig. 7 is a graph schematically illustrating
a method of fabricating the P layer according to an em-
bodiment of the present invention.

[0043] Referring to Figs. 6 and 7, the substrate 11 is
first supplied into the growth chamber in order to grow
the (Al, Ga, In)N-based compound semiconductor layers
25 (S101). After heating the substrate 11 to a predeter-
mined temperature, the (Al, Ga, In)N-based compound
semiconductor layers 25, e.g., the buffer layer 12, the N
layer 13, the active layer 15 and the P layer 17, are se-
quentially grown on the substrate (S102). Hereinafter,
for the sake of convenience of explanation and under-
standing of the fabrication method of the present inven-
tion, "the substrate 11 and the (Al, Ga, In)N-based com-
pound semiconductor layers 25 grown thereon" will be
simply referred to as "Epi 27."

[0044] Most of techniques regarding the growth of the
Epi 27 can be easily understood by those skilled in the
art and are well known to the public. However, the thick-
nesses of the buffer layer 12, the N layer 13, the active
layer 15 and the P layer 17, growth conditions thereof,
i.e., temperature and pressure, and techniques applied
to orin-between the respective layers 12, 13, 15 are par-
ticularly important. A specific description of an epitaxial
growth technology that is not greatly related to the
presentinvention will be omitted. The (Al, Ga, In)N-based
compound semiconductor layers 25, except the P layer
17, mentioned in the embodiment of the presentinvention
can be grown through an ordinary technique that is easily
understood by those skilled in the art.

[0045] When the growth of the (Al, Ga, In)N-based
compound semiconductor layers 25 on the substrate 11
is completed (S103), i.e., after the P layer 17 has been
formed, the supply of gases containing hydrogen is
stopped (S104). At the same time, the supply of other
gases into the growth chamber may also be stopped.
Here, the gases supplied into the growth chamberinclude
source gases such as NH; and TMG and a carrier gas
such as H, or N,. After the supply of the gases into the
growth chamber is stopped, heating of the growth cham-
ber may also be stopped (S105). Stopping the heating
of the growth chamber (S105) may be performed prefer-
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entially to or simultaneously with stopping the supply of
the gases into the growth chamber (S104). After stopping
the heating of the growth chamber and the supply of the
gases into the growth chamber (S104, S105), residual
gases in the growth chamber, particularly, hydrogen and
hydrogen source gases are discharged to the outside of
the growth chamber (S106). Meanwhile, stopping the
heating of the growth chamber (S105) may be performed
after the hydrogen and hydrogen source gases in the
growth chamber are discharged to the outside of the
growth chamber.

[0046] As described with reference to Fig. 5, an impor-
tanttechnical feature ofthe presentinventionis to provide
a state and a condition under which the P type impurities
and hydrogen cannot be bonded to each other in the
growth chamber. After the growth of the P layer is com-
pleted ata high temperature at which the P type impurities
and hydrogen cannot be bonded to each other, the ex-
ternal supply of the gases into the growth chamber is
stopped (S104), and residual gases in the growth cham-
ber are discharged to the outside of the growth chamber
(S 106). In this case, since hydrogen does not exist in
the growth chamber, bonding of the P type impurities with
hydrogen cannot occur. Therefore, it is not necessary to
perform a conventional annealing process for removing
hydrogen from the P layer.

[0047] After all the residual gases in the growth cham-
ber have been discharged to the outside (S107), the tem-
perature of the Epi 27 is lowered to such an extent that
the Epi can be withdrawn to the outside from the growth
chamber (S108). After stopping the heating in the growth
chamber, the temperature of the Epi 27 may be lowered
by leaving the Epi such that it is cooled through natural
convection. The temperature of the Epi 27 may be low-
ered by means of air cooling or water cooling of the growth
chamber. Alternatively, the temperature of the Epi 27
may be lowered by injecting a cooling gas such as nitro-
gen (N,) gas, which is not bonded to impurities, into the
growth chamber after completely discharging the gases
remaining in the growth chamber or maintaining the
growth chamber under vacuum conditions. The temper-
ature of the Epi 27 may be lowered more rapidly through
the supply and discharge of the cooling gas.

[0048] If the temperature of the Epi 27 is sufficiently
lowered, the Epi 27 is withdrawn from the growth cham-
ber (S109). After the Epi 27 is withdrawn, a portion of the
N layer 13 is exposed by partially etching the P layer 17,
the active layer 15 and the N layer 13. Then, the electrode
31 is formed on a top surface of the partially etched Epi
27, i.e., a top surface of the P layer 17 (S 110). As de-
scribed above with reference to Figs. 3 and 4, the elec-
trode 31 is formed as a metallic transparent electrode
out of at least one material selected from the group con-
sisting of Pt, Pd and Au. In this case, good ohmic contact
characteristics can be obtained without an additional an-
nealing process.

[0049] The electrode 35 is formed on the N layer 13
simultaneously or sequentially with the formation of the
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electrode 31 on the P layer 17. The P layer electrode 31
and the N layer electrode 35 are spaced apart at a certain
distance. After the formation of the electrode 31 on the
P layer 17, the electrode pad 33 electrically connected
to the outside is formed on the electrode 31. Then, the
Epi 27 is separated to obtain an individual device includ-
ing the pair of electrodes 33 and 35 (S111).

[0050] When a (Al, Ga, In)N-based compound semi-
conductor device is fabricated according to the method,
a P layer 17 with low resistance can be formed and good
ohmic contact characteristics can be secured without
performing an additional annealing process. Therefore,
annealing equipment is not required, a fabrication proc-
ess is simplified, and a product can be fabricated very
easily.

[0051] Fig. 8 is a cross-sectional view illustrating a (Al,
Ga, In)N-based compound semiconductor device with a
P layer according to another embodiment of the present
invention. In the (Al, Ga, In)N-based compound semicon-
ductor device 41 of this embodiment of the present in-
vention, an N layer 13, an active layer 15 and a P layer
17 are formed on a substrate 11, and a P type electrode
31 is formed on a top surface of the P layer 17. The
substrate 11 is formed of a conductive or semi-conduc-
tive material such as metal, Si, SiC or GaN, and the sub-
strate itself functions as an N type electrode. The sub-
strate 11 also formed of Sapphire or Spinel. Electrode
pads electrically connected to the outside may be formed
on a top surface of the P type electrode 31 and/or a bot-
tom surface of the substrate 11. A buffer layer (12 in Figs.
3 and 4) may be formed between the N layer 13 and the
substrate 11 in the same manner as the aforementioned
embodiment.

[0052] Inthis embodiment of the present invention, the
P layer 17 is formed without an annealing process as
described above with reference to Fig. 5 or 6. After the
formation of the P layer 17, an electrode is formed ther-
eon out of at least one metallic material selected from
the group consisting of Pt, Pd and Au.

[0053] Meanwhile, although the embodiment in which
the substrate 11 is disposed adjacent to the N layer 13
is illustrated in Fig. 8, the present invention is not limited
thereto but may be applied to a structure in which the
substrate is disposed adjacent to the P layer. This struc-
ture also provides the same functions and effects as the
embodiments described and illustrated above.

[0054] It is apparent that a (Al, Ga, In)N-based com-
pound semiconductor explained herein in connection
with the present invention comprises AlyIn,Ga,N (0<x, y,
z<1) and can be applied to, for example, a variety of fields
in addition to a light emitting diode (LED), a laser diode
(LD), heteroj unction bipolar transistor, field effect tran-
sistor, or photodectector.

Claims

1. A (Al, Ga, In)N-based compound semiconductor de-
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vice, comprising:

a substrate;

a (Al, Ga, In)N-based compound semiconductor
layer grown on the substrate; and

an electrode formed of at least one material or
an alloy thereof selected from the group consist-
ing of Pt, Pd and Au on the (Al, Ga, In)N-based
compound semiconductor layer.

The (Al, Ga, In)N-based compound semiconductor
device as claimed in claim 1, wherein the electrode
is formed by stacking Pt and Au, or Pd and Au.

The (Al, Ga, In)N-based compound semiconductor
device as claimed in claim 1, wherein the electrode
is formed of an alloy of at least two selected from the
group consisting of Pt, Pd and Au.

A method of fabricating a (Al, Ga, In)N-based com-
pound semiconductor device, comprising the steps
of:

growing a (Al, Ga, In)N-based compound sem-
iconductor layer (P layer) including P type im-
purities on a substrate in a growth chamber;
discharging hydrogen, ammonia and gas includ-
ing hydrogen in the growth chamber;

lowering the temperature of the substrate with
the P layer formed thereon to such an extent
that the substrate can be withdrawn to the out-
side from the growth chamber;

withdrawing the substrate with the P layer
formed thereon from the growth chamber; and
forming an electrode of at least one material se-
lected from the group consisting of Pt, Pd and
Au or an alloy thereof on the P layer.

The method as claimed in claim 4, wherein the step
of lowering the temperature is performed by means
of water cooling or air cooling of the growth chamber.

The method as claimed in claim 4, the step of low-
ering the temperature comprises the steps of:

maintaining the growth chamber under vacuum
conditions; and

supplying a cooling gas into the growth chamber
under vacuum conditions.

A method of fabricating a P layer of a (Al, Ga, In)N-
based compound semiconductor, comprising the
steps of:

growing the P layer by supplying gases into a
growth chamber while maintaining temperature
in the growth chamber at a temperature for
growth of the P layer of the (Al, Ga, In)N-based
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compound semiconductor;

stopping the supply of the gases after the growth
of the P layer is completed;

discharging the gases existing in the growth
chamber at a temperature higher than a temper-
ature at which impurities in the P layer and hy-
drogen contained in the gases are bonded to
each other; and

lowering the temperature of the P layer of the
(Al, Ga, In)N-based compound semiconductor.

The method as claimed in claim 7, wherein the tem-
perature of the P layer is lowered by means of air
cooling or water cooling.

The method as claimed in claim 7, wherein the step
of lowering the temperature of the P layer comprises
the steps of:

maintaining the growth chamber under vacuum
conditions; and

supplying a cooling gas into the growth chamber
under vacuum conditions.

The method as claimed in any one of claims 7 to 9,
wherein the temperature for the growth of the P layer
is in a range of 600 to 1,300°C.

The method as claimed in any one of claims 7 to 9,
wherein the temperature at which the gases existing
in the growth chamber are discharged is in a range
of 400 to 1,300°C.

A P layer of a (Al, Ga, In)N-based compound semi-
conductor, said P layer being formed by growing the
P layer while supplying gases into a growth chamber,
stopping the supply of the gases after the growth of
the P layer, completely discharging the gases exist-
ing in the growth chamber at a temperature higher
than a temperature at which P type impurities and
hydrogen are bonded to each other, and lowering
the temperature of the P layer.
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[Figure 3]
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[Figure 5)
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[Figure 6]
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[Figure 7]
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